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ABSTRACT: Habitat use was investigated for two common endemic and benthic fishes, Crossostoma 
lacustre and Rhinogobius candidianus, in the Hapen Creek of northern Taiwan from August 1996 to 
December 1998. C. lacustre and R. candidianus overlapped in mesohabitat use; both fish species 
preferred riffles to pools. Further analyses based on stepwise multiple regression showed that fish 
density was significantly correlated with water depth, small boulder, and finer substrate for C. lacustre, 
but correlated with water depth, stream width, large boulder, and cobble for R. candidianus. The 
separation in the microhabitat use might have alleviated the pressure for interspecific competitions 
despite of their overlapping in the mesohabitat scale. Parallelly, the result suggests that the diverse 
substratum composition may have accounted for the co-exsitence of these two benthic fishes. It would 
also provide valuable information for habitat management and ecological engineering of mountain 
creeks in Taiwan. 

KEY WORD: Crossostoma lacustre, Rhinogobius candidianus, Riffle, Pool, Taiwan. 


INTRODUCTION 

Hydrological and geomorphological conditions of streams are highly variable and 
dynamic, and provide diverse habitats for fishes and other aquatic organisms. Among the 
environmental features, physical habitat structure represents an important component to 
determine the abundance, distribution, and species composition of stream fishes (Gorman and 
Karr, 1978). The relationships between physical habitat variables and fish distributions have 
been investigated in many temperate streams (e.g. Taylor, 1996; Gray and Stauffer, 1999, 
Vadas and Orth, 2000; Sone et al., 2001; Heggenes, 2002) and tropical lotic waters (Gorman 
and Karr, 1978; Moyle and Senanayake, 1984; Dudgeon, 1987; Wikramanayake and Moyle, 
1989; Martin-Smith, 1998). 

The relationship is of particular interests because it may, in one hand, help to explain how 
sympatric species may co-exist (Schlosser and Toth, 1984; Heggenes and Saltveit, 1990; 
Inoue and Nakano, 2001); and on the other hand, to provide fundamental information for 
habitat management (Rabeni and Sowa, 1996). In Taiwan, a small mountainous island with 
short and swift flowing headwaters have been explored for the spatial distribution and 
abundance of freshwater fishes(Chang, 1989; Huang, 1998; Lee et al., 1998; Han et al., 2000). 
However, specific examinations on the habitat use of stream benthic fishes are few (Yu and 
Lee, 2002). 
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Crossostoma lacustre (Balitoridae) and Rhinogobius candidianus (Gobiidae) are two 
endemic and benthic fish species that are common in many mountain streams in northern and 
central Taiwan (Wang and Shao, 1997; Chang et al., 1999; Chen and Fang, 1999). The 
objectives of this study were to: (1) understand the habitat use of C. lacustre. and R. 
candidianus in Hapen Creek, a protected stream in northern Taiwan; (2) examine whether 
segregation occurred between these two species along habitat dimension. 


MATERIALS AND METHODS 
Study area and sampling sites 

This study was conducted in Hapen Creek, a headwater tributary of the Tanshui River at 
elevations of 500 m to 1,200 m. It was a natural, well-protected mountain creek in the Fushan 
Experimental Forest in the northern Taiwan (Fig. 1). Torrential rainfalls brought by typhoons 
that cause rapid increase in water flows are the most important factor affecting hydrological 
characteristics of the creek (Hsia and Hwong, 1999). Gauging station records of Fushan 
meteorological station showed that the mean annual precipitation in the Hapen Creek 
watershed was 4,671 mm from 1996 to 1998, and the mean annual discharge of Hapen Creek 
was 0.352 mV 1 , with mean monthly discharge ranging between 0.012 mV 1 and 0.063 mV 1 
from 1993 to 2000. The monthly mean air temperature ranged from 11.5 °C to 23.7 °C. The 
riparian zone of Hapen Creek was covered primarily with natural broadleaf forests. The fish 
fauna was Varicorhinus barbatulus, Candidia barbatus, C. lacustre, R. candidianus, Cobitis 
sinensis, and Acrossocheilus paradoxus (Chang et al., 1998). 

Three study sites, SI, S2, and S3 (from upstream to downstream), were selected, each 
with four habitat units (two pools and two riffles; defined as mesohabitat), as replicates. A 
riffle was a section of the stream where water surface has visible standing or breaking 
anti-waves, whereas a pool was the section with smooth water surface and no such breaking 
anti-waves (Gelwick, 1990). The distances of SI, S2, and S3 to the confluence of the Hapen 
Creek to the main branch of the Tanshyui River were 4.2 km, 1.6 km and 0.7 km, respectively. 
The average gradient of the study area is 17.5 m/km (Chang et al., 1998) 

Fish sampling and fish densities 

Fish sampling was conducted at each study site every two-month from August 1996 to 
December 1998. A total of 88 samples were collected from each of the riffles and the pools. 
At each of the two habitat units, fishes were sampled by electrofishing for a 15-minute period 
from downstream to upstream. A battery-powered, backpack-mounted electrofisher (150-300 
V, 1 A pulsed DC) was used. Two field assistants helped collect stunned fishes with dip nets. 
Fishes collected were identified to species and their total lengths (TL) were measured in the 
field, and released alive at the site. Fish density was calculated by dividing the number of 
fishes by sampled area of each habitat unit (stream length x mean stream width). 

Hydrological variables and microhabitat conditions 

Hydrological variables and habitat conditions were measured at each of the riffles and 
pools with methods described by Tsao (1995) immediately after the fish sampling. The 
parameters, i.e. microhabitat conditions, measured were stream width, water depth, current 
velocity, dominant substrate type, instream cover, and canopy. 



168 


TAIWANIA 


Vol. 49, No. 3 



Fig. 1. Map showing sites (SI-S3) of fish sampling and data collections of hydrological and environmental 
variables at Hapen Creek of the northern Taiwan. The dotted line denotes the boundary of Fushan Experimental 
Forest. 

In the field, three permanent transects perpendicular to current flow were delineated along 
each habitat unit. Stream width was measured by the length of transect above water surface. 
Water depth, velocity, and substrata were measured at 1 m intervals along transects. At each 
measurement point, depth was measured with a metric stick (in cm), and dominant substrate 
type was classified into five ranks based on the diameter ranges: sand and gravel (<16 mm), 
pebble (16-64 mm), cobble (64-256 mm), small boulder (256-512 mm), and large boulder 
(>512 mm) (Tsao, 1995). Current velocity was measured at 60% of depth from water surface 
using a digital current meter (Swoffer, Model 2100). The mean width, depth, and velocity of 
each habitat unit were used to calculated water flow. Four types of instream cover were 
recorded (open water, visual isolation, velocity shelter, and combination of visual isolation 
and velocity shelter), each as percentage of surface area of the habitat unit. Visual isolation is 
caused by instream and offstream overheads such as undercut banks, floating vegetation, and 
open log jams. Velocity shelter is derived from instream objects such as large rocks, bedrock 
ledges, and partially buried logs (Tsao, 1995). Canopy was measured with a spherical 
densiometer (Model C, Forest Densiometer, Barthesville, OK, U.S.A.) upon water surface. 
For each measurement, average reading was calculated from the four readings facing north, 
south, east, and west. 

Data analysis 

Unpaired /-tests were used to compare fish densities, stream width, water depth, current 
velocity, substrate type, instream cover, and canopy between riffles and pools. Stepwise 
multiple regression analyses were used to determine which physical habitat characteristics 
were associated with fish densities. Pearson’s correlation analyses were used to examine the 
correlations between the densities of these two fish species. Prior to both regression and 
correlation analyses, square root transformation was used to standardize variances and to 
improve normality of the data (Sokal and Rohlf, 1995). 




September, 2004 


Chuang et al.: Habitat use of two benthic fishes 


169 


RESULTS 

General hydrological variables and habitat conditions 

Hapen creek is a small mountain creek with highly fluctuated hydrological variables and 
habitat conditions. During the study period, the water flows varied between 0 m 3 /sec and 4.85 
m /sec with an average of 0.75 m /sec, and current velocities averaged at 0.47 m/sec with a 
range between 0 m/sec and 1.32 m/sec. In summer some riffles lost surface water, and the 
water flowed subterraneousely beneath gravel bottom. The mean water depth was 0.23 m with 
a range of 0.02 m to 0.61 m, and the stream width averaged at 6.1 m with the range of 1.7 m 
to 10.5 m. 

Differences in habitat conditions between riffles and pools 

Hydrological and environmental conditions of Hapen Creek showed obvious differences 
between pools and riffles (Table 1). The bottom substrates of both pools and riffles were 
predominantly composed of pebble, cobble, and large boulder, but the pools had a higher 
percent composition of pebble but lower composition of cobble, small boulder and large 
boulder as compared with the riffles. Water depths at the pools were significantly deeper than 
those at the riffles, whereas current velocities in the riffles were significantly faster than those 
in the pools. There was no significant difference in stream width between pools and riffles for 
this mountain creek. The creek was mainly open water with a few instream covers, but 
canopy was over 80% on the pools and 60% on the riffles. 


Table 1. Comparisons of hydrological and environmental variables (mean + SD) between pools and riffles of 
Hapen Creek. _ 


Variables 

Pools 

Riffles 

f-values 

Stream width (m) 

6.20+1.81 (N = 88) 

5.91 + 1.59 (N =88) 

1.1 

Water depth (m) 

0.31+0.11 (N = 88) 

0.19 + 0.08 (N =88) 

8.1**" 

Current velocity (m/sec) 

0.32 + 0.23 (N = 88) 

0.60 + 0.27 (N =88 ) 

-7.4*** 

Substrate (%) 

Sand and gravel 

9.2+16.4 

1.8+ 5.3 

4.0*** 

Pebble 

46.6 + 22.6 

32.3 +25.5 

4.0*** 

Cobble 

17.7+14.5 

30.8 + 27.4 

-4.0*** 

Small boulder 

8.0+ 9.1 

12.5 + 12.4 

-2.7** 

Large boulder 

18.5 + 18.4 

22.6 + 25.1 

-1.2 

lnstream cover (%) 

Open water 

84.6 + 19.2 

75.6 + 24.5 

_ 

2.7 

Visiual isolation 

2.9+ 5.5 

1.4+ 4.0 

2.1* 

Velocity shelter 

5.3 +7.8 

6.9 + 9.3 

-1.3 

Combination of 

7.3 + 15.6 

16.1+21.3 

-3.1** 

visiual isolation 
and velocity shelter 

Canopy (%) 

85.1 + 10.7 

64.1+21.8 

8.1 


Significant difference between pools and riffles, p < 0.001; p < 0.01; *p < 0.05. 


Fish densities 

During the study period, a total of 866 fishes was collected for C. lacustre : 706 from 
riffles with the densities of 4.6 ± 5.3 fish/100m 2 , and 160 from pools with 1.3 ± 2.5 
fish/100m 2 . There was significant difference in the densities between the riffles and the pools 
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(t = 5.3, p < 0.001). For R. candidianus 790 fishes were collected: 669 from riffles with the 
densities of 4.5 ± 5.7 fish/100m 2 , and 121 from pools with 1.3 ± 2.0 fish/100m 2 . Mean 
densities of R. candidianus were significantly different between riffles and pools (l = 4.9, p < 
0.001). By putting the above results together, it suggests that these two fishes had a special 
preference for riffles than for pools. Moreover, the densities of these two fish species were 
significantly positively correlated in either riffles or pools (Fig. 2). 
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Fig. 2. Graphs showing relationships between densities (fish/lOOnr) of C. lacustre and R. candidianus in pools 
and riffles. (N = 88) 


Relationships between fish density and hydrological and habitat variables 

The results of stepwise multiple regression analyses showed that fish densities of C. 
lacustre (Fc) were significantly and negatively related with water depth (D) and sand-gravel 
(SG), and positively related with small boulder (SB). The relationships are expressed by the 
following equation: 

Fc = 2.775 - 3.843 D + 0.187 SB - 0.109 SG 
R 2 = 0.296, df= 172 

The 7?’-value suggested that 29.6% of variance of the fish densities can be explained by 
the one hydrological factor, water depth, and two habitat factors, small boulder and 
sand-gravel. Water depth was accountable for 12.4% and the sand-gravel and small boulder 
were 17.2% (Table 2). Thus, C. lacustre preferred shallow water in riffles with small boulders 
and avoided sand-gravels. 

For R. candidianus , the densities (Fr) showed significantly negative relationships with 
water depth and stream width (W), but positive to large boulder (LB) and cobble (C). The 
relationships are expressed by the following equation: 

Fr = 5.258 - 4.817 D - 0.873 W + 0.076 LB + 0.059 C 
R 2 = 0.444, df= 171 
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The R~ value suggested that 44.4% of the variance of fish densities can be explained by 
the four hydrological and environmental conditions, of which water depth and stream width 
were accountable for 41.0%, and large boulder and cobble for 3.3% of the variance (Table 2). 
Thus, R. candidianus preferred small stream and shallow water in riffles with medium- and 
large-sized substrate (i.e., cobble and large boulder). 


Table 2. Model summary of stepwise multiple regressions of densities of C. Icicustre and R. candidianus with 
habitat variables. 


Variables 

R 2 

Regression 

coefficients 

Standard 

errors 

F 

C. lacustre 

(Total R 2 = 0.296, N = 176 ) 

Depth 

0.124 

-3.843 

0.658 

24.60 

Small boulder 

0.144 

0.187 

0.042 

34.04”* 

Sand and gravel 

0.028 

-0.109 

0.041 

6.95** 

R. candidianus 

(Total R 2 = 0.444, N = 176 ) 

Depth 

0.356 

-4.817 

0.685 

96.26*** 

Width 

0.054 

-0.873 

0.203 

15.86*** 

Large boulder 

0.020 

0.076 

0.025 

6.11* 

Cobble 

0.013 

0.059 

0.029 

4.15* 


^Significant difference level, p < 0.001; * p < 0.01; *p < 0.05. 


DISCUSSION 

Both C. lacustre and R. candidianus preferred riffles with shallow waters, and their 
mesohabitat uses overlapped. However, differences in their microhabitat utilization on 
substrate size had occurred. C. lacustre preferred small boulders and avoided fine substrates. 
By constrast, R. candidianus perferred large boulders and cobbles. The separation in the 
microhabitat use might have alleviated the pressure for interspecific competitions despite of 
their overlapping in the mesohabitat scale. 

C. lacustre is an omivorous feeder which feeds mainly on benthic algae and aquatic 
insects (Huang, 2002). In contrast, R. candidianus mainly feeds on aquatic insects and 
macroinvertebrates (such as freshwater crabs) hidden in the underwater crevice (Huang, 2002). 
In general, invertebrates occurred more frequently in stony riffles than in pools (Allan, 1995). 
In addition, macroinvertebrate faunal richness, biomass, and abundance are higher for pebbles 
and cobbles than boulders (Giller and Malmqvist, 1998). R. candidianus preferred cobbles 
and large boulders than other types of substrate and depended on the macroinvertebrates more 
than C. lacustre did. The macroinvertebrate-substrate relationship thus shows a consistency 
between its microhabitat use and trophic habit. 

Dudgeon (1987) has presented data indicating that homalopterids most inhabited in 
midstream habitat, but gobies regularly occurred at bankside or intermediate zone habitat. 
Pools and stream margins generally have finer substrates than riffles and midstream (Allan, 
1995). In Hapen Creek, sand and gravel are commonly distributed along bankside. Although 
we did not examine the inhabiting positions of these two fishes across the creek, C. lacustre , a 
homalopterid, was found avoiding sand and gravel in the field works. 
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Dudgeon (1987) also suggested that the differences of microhabiat utilization between 
homalopterids and gobies would result from morphological fitness rather than competiton 
determines segregation on habitat dimension. The suggestion may be an explanation to the 
segregations of microhabitat use by C. lacustre and R. canclidianus in Hapen Creek. 

At the microhabitat scale, stepwise multiple regression models revealed that the substrate 
composition was an important variable for habitat use of C. lacustre and R. candidianus. 
Therefore, it suggests that the diverse substratum composition may have accounted for the 
co-exsitence of these two benthic fishes. The result would also provide valuable information 
for habitat management and ecological engineering of mountain creeks in Taiwan. 


ACKNOWLEDGMENTS 

We thank the Taiwan Forestry Research Institute for providing facilities and 
accommodations in Fushan Research Center. We also thank Drs. Rong-Quen Jan and 
Ming-Hsiung Chang who provided valuable comments on this manuscript. We are grateful to 
the research assistants and students of the Biodiversity Research Lab of Department of Life 
Science, National Taiwan University for helping field works. This study was supported by the 
National Science Council of the R.O.C. 


LITERATURE CITED 

Allan, J. D. 1995. Stream Ecology, Structure and Function of Running Waters. Chapman and 
Hall, London, UK. 388 pp. 

Chang, M.-S. 1989. The ecology of Crossostoma lacustre in Yeau Shang Stream. MS thesis, 
National Taiwan Normal University, Taipei, Taiwan. 

Chang, M.-S., Y.-S. Lin, and L.-C. Chaung. 1999. Effect of dams on fish assemblages of the 
Tachia River, Taiwan. Acta Zool. Taiwan 10: 77-90. 

Chang, S.-H., P.-F. Lee and Y.-S. Lin. 1998. Reproductive biology of Varicorhinus 
barbatulus in Hapen Creek, Fushan, Taipei County, Taiwan. Annu. Taiwan Mus. 41: 
53-69. 

Chen, I.-S. and L.-S. Fang. 1999. The Freshwater and Estuarine Fishes of Taiwan. National 
Museum of Marine Biology and Aquarium, Pingtung, Taiwan. 287 pp. 

Dudgeon, D. 1987. Niche specificities of four fish species (Homalopteridae, Cobitidae and 
Gobiidae) in a Hong Kong forest stream. Arch. Hydrobiol. 108: 349-364. 

Gelwick, F. P. 1990. Longitudinal and temporal comparisons of riffle and pool fish 
assemblages in a northeastern Oklahoma Ozark Stream. Copeia 1990: 1072-1082. 

Giller, P. S. and B. Malmqvist. 1998. The Biology of Streams and Rivers. Oxford University 
Press, New York, USA. 296 pp. 

Gorman, O. T. and J. R. Karr. 1978. Habitat structure and stream fish communities. Ecology 
59:507-515. 

Gray, E. van Snik and J. R. Stauffer, Jr. 1999. Comparative microhabitat use of ecologically 
similar benthic fishes. Environ. Biol. Fish. 56: 443-453. 

Han, C.-C, K.-S. Tew, I.-S. Chen, L.-Y. Su and L.-S Fang. 2000. Environmental biology of an 
endemic cyprinid, Varicorhinus alticorpus, in a subtropical mountain stream of Taiwan. 
Environ. Biol. Fish. 59: 153-161. 



September, 2004 


Chuang et al.: Habitat use of two benthic fishes 


173 


Heggenes, J. 2002. Flexible summer habitat selection by wild, allopatric brown trout in lotic 
environments. Trans. Am. Fish. Soc. 131: 287-298. 

Heggenes, J. and J. Saltveit. 1990. Seasonal and spatial microhabitat selection and segregation 
in young Atlantic salmon, Salmo salar L., and brown trout, Salmo trutta L., in a 
Norwegian river. J. Fish Biol. 36: 707-720. 

Hsia, Y.-J. and J.-L. Hwong. 1999. Hydrological characteristics of Fushan Experimental 
Forest. Q. J. Chin. For. 32: 39-51. 

Huang, I. Y. 2002. Stream food web of a subtropical woodland headwater (Hapen Creek): 
insights from stable carbon and nitrogen isotopes. MS thesis. National Taiwan University, 
Taipei, Taiwan. 

Inoue, M. and S. Nakano. 2001. Fish abundance and habitat relationships in forest and 
grassland streams, northern Hokkaido, Japan. Ecol. Res. 16: 233-247. 

Huang, Y.-B. 1998. Environmental quality and fish community ecology in Li-Chi Stream. MS 
thesis, Tunghai University, Taichung, Taiwan. 

Lee, T.-W., J.-J. Choue, W.-L. Lin and S.-L. Yu. 1998. Environmental factors affecting the 
distribution of the deep-body shovelnose minnow, Varicorhinus alticorpus, in the 
Bay-nan River, Taiwan. Q. J. Chin. For. 31: 219-225. 

Martin-Smith, K. M. 1998. Relationships between fishes and habitat in rainforest streams in 
Sabah, Malaysia. J. Fish Biol. 52: 458-482. 

Moyle, P. B and F. R. Senanayake. 1984. Resource partitioning among the fishes of rainforest 
streams in Sri Lanka. J. Zool. Lond. 202: 195-223. 

Rabeni, C. F. and S. P. Sowa. 1996. Integrating biological realism into habitat restoration and 
conservation strategies for small streams. Can. J. Fish. Aquat. Sci. 53 (Suppl.): 252-259. 

Schlosser, I. J. and L. A. Toth. 1984. Niche relationships and population ecology of rainbow 
(Etheostoma caeruleum ) and fantail (E. flabellare ) darters in a temporally variable 
environment. Oikos 42: 228-238. 

Sokal, R. R. and F. J. Rohlf. 1995. Biometry. W. H. Freeman and Company, New York, USA. 
887 pp. 

Sone, S., M. Inoue and Y. Yanagisawa. 2001. Habitat use and diet of two stream gobies of the 
genus Rhinogobius in south-western Shikoku, Japan. Ecol. Res. 16: 205-219. 

Taylor, C. M. 1996. Abundance and distribution within a guild of benthic stream fishes: local 
processes and regional patterns. Fresh. Biol. 36: 385-396. 

Tsao, E. H. 1995. An ecological study of the habitat requirements of the Formosan landlocked 
salmon ( Oncorhynchus masou formosanus). PhD dissertation, Colorado State University, 
Colorado, USA. 

Vadas, R. L. Jr. and D. J. Orth. 2000. Habitat use of fish communities in a Virginia stream 
system. Environ. Biol. Fish. 59: 253-269. 

Wang, S.-C. and K.-T. Shao. 1997. Species composition and distribution of freshwater fishes 
in the rivers of Keelung region. Chin. Biosc. 40: 20-32. 

Wikramanayake, E. D. and P. B. Moyle. 1989. Ecological structure of tropical fish 
assemblages in wet-zone streams of Sri Lanka. J. Zool. Lond. 218: 503-526. 

Yu, S.-L. and T.-W. Lee. 2002. Habitat preference of the stream fish, Sinogastromyzon 
puliensis (Homalopteridae). Zool. Stud. 41: 183-187. 



174 


TAIWANIA 


Vol. 49, No. 3 


a M A II — a 'M M a $R ( Cros so stoma lacustre ) 

M- ( Rhinogobius candidianus ) ffl 

(>ltma: 2004 47 n 16 a ; a m ■ 200411 a) 

m # 

I 1996 ^ 8 j]I 1998 #- 12 ^ ^ £ if Mit ft & if If n & 

( Crossostoma lacustre) Sc '/$- #PI lit ( Rhinogobius candidianus ) df fi /1.1#j± II if It #1 
hi ° if If o %.*%&}$>£. f «it (mesohabitat) hi _t# 

(riffle) ° |£it—#4Xi£#?|.ia|f i£r (stepwise 
multiple regression analysis) (microhabitat) 6(j^'J hi > #5JL a if If o i§R6(j 

if- ' d'E-^6 (small boulder) ' imf (f'MifiS (sand and gravel) ff ® iH #- ; ffi) a f] 
' i^SL ' (largeboulder) ' fp;6 (cobble) 0 oif 

If o mu ■;$mfedL 1f! & *1 hi -L# 1 4 » fa*b#'J hi _L tf] & m "THfe Pf l&it 

0 (substrate) 

M nil 0 


nmm 


cr /f If Q $f 


B^if^lFljfe 




/-f- (he 


a /*! 


1. Bir&if 106 JMMSSMSl 1 ft ’ £jf ° 

2. BiL^if ’ t3bf 106 JMr=»*8-4jgt 1 ft > tit » 

802 # o -f-S£ 116 St • £if 
4.ij 0 Email: shliang@nknucc.nknu.edu.tw 



